###### HIGHLIGHTS

Vital Pulp Therapy (VPT) is considered one of the main regenerative fields in endodontics.Success & Failure rate varies greatly upon the accuracy of the diagnosis and the material used for pulp capping.Materials introduced varies from synthetic materials such as calcium Hydroxide and tri-calcium silicate material to biomaterials scaffolds.Nowadays, biomaterials and composite scaffolds are of great interest in the field of regenerative endodontics and being investigated for potential future use.This review provides the reader with insights and latest updates over the VPT materials and potential interests in research areas within the future.

INTRODUCTION {#sec1-1}
============

Vital pulp therapy (VPT) has been defined as treatment which aims at preserving and maintaining the pulp tissue that has been compromised but not destroyed by extensive dental caries, dental trauma, and restorative procedures or for iatrogenic reasons ([@ref1]). Zhang and Yelick used another definition which added, "Stimulating the remaining pulp tissue to regenerate the dental pulp complex" to the previous definition ([@ref2]). Clinically vital pulp therapy includes two main groups, indirect pulp capping and direct pulp capping ([@ref3]). The European Society of Endodontology quality guidelines for endodontic treatment 2006, states that indirect pulp capping is a procedure in which a protective cement or dressing placed over a thin layer of remaining sound or slightly softened dentine which if removed, it might expose the pulp. Direct pulp capping defined as: at the site of pulpal exposure, the pulp is covered with a protective dressing or base, which aims at protecting the pulp from additional injuries and permits healing and repair ([@ref4]). Clinical management steps of deep carious lesions are summarized and presented in ([Fig. 1](#F1){ref-type="fig"}) to ease and guide the clinicians during their daily clinical work.

![Deep carious excavation clinical scheme](EEJ-5-46-g001){#F1}

Recently, a new pulpits diagnosis classification has been suggested by Wolters et al., 2018. The authors suggested that within the diagnosed irreversible pulpits cases, un-inflamed pulp tissue could still be present. Therefore, in their paper, the authors proposed new terminology defining different conditions of pulpal inflammations. Initial pulpits are proposed to describe heightened but not lengthened response to thermal pulp testing (cold) with no signs of spontaneous pain and no sensitivity to percussion. Mild pulpitis is described as heightened and lengthened response to thermal testing and sweets, slight sensitivity to percussion. Moderate pulpitis is prolonged and clear diagnostic signs of thermal pain and dull pain is also noted. Severe Pulpitis is lastly described as severe spontaneous and clear pain to thermal testing and severe to dull throbbing pain and tooth is extremely sensitive to touch and biting ([@ref5]).

Regenerative endodontics is described as a biological procedure, which aims at growing tissues in order to heal or replace damaged or diseased tooth structures such as tooth dentine and dental pulp tissues ([@ref6]). Therefore, the main objectives of regenerative endodontics are to regenerate pulp-like tissue, the pulp--dentine complex and replace damaged coronal dentine ([@ref7]).

Vital pulp therapy offers great benefits over conventional root canal treatment (RCT). In cases with immature apices, preserving the vitality of the tooth is beneficial for the continuation of root development, enhancing the strength of the affected tooth ([@ref8]). Another advantage offered by VPT over conventional RCT is better protective resistance against masticatory forces ([@ref9]). As summarized by the American Academy Of Pediatrics Dentistry (AAPD), good prognosis and long term retention of a permanent tooth requires favorable crown / root ratio, favorable dentine thickness and vitality which are offered by VPT after the tooth structure has been compromised by dental caries, trauma or other causes ([@ref10]).

Vital pulp therapy history&success rates {#sec2-1}
----------------------------------------

The history of endodontics and pulp capping goes back in time to the 17th century ([@ref11]). The first description of dental pulp tissue was explained by Pierre Fauchard (1678-1761) who also was the first author to describe the removal of pulp tissue in 1746 in his text book "Le chirurgien dentiste" ([@ref12]). Later, in 1756, Phillip Pfaff was the first to use gold and lead for pulp capping ([@ref13]). In 1821, koecker theorized which, later in 1850; Codman confirmed that the aim of pulp capping was dentine bridge formation ([@ref14]). During this era, the idea of pulp capping was mainly based on the belief that pulpal healing can only occur after being exposed to etching or cauterization ([@ref13]). In the late 18th century, great advances were introduced into medicine and dentistry; examples of such advances are the introduction of dental radiographs in 1895, development of anesthesia by Horace Wells and William Morton ([@ref11]). In the period of 1665--1683, Robert Hooke and Antoni van Leeuwenhoek discovered the existence of microscopic organisms using the simple microscope ([@ref15]). Later, Pasteur and Lister described the role of microorganisms in the diseases ([@ref11]). In 1921, Dätwyler conducted the first clinical scientific study comparing different pulp capping materials and demonstrated that zinc oxide eugenol showed the best results ([@ref16]). Since the introduction of calcium hydroxide as a root filling material by Hermann in 1920, and especially during the period from 1928 to 1930, several studies were conducted employing calcium hydroxide and concluded that it is a biocompatible material when used over vital pulp ([@ref17]).

The success and failure rates of vital pulp therapy varied greatly in the literature due to different methodological considerations during the studies and advances in materials ([@ref18]). Several factors were believed to affect the success rates such as the state of pulpal inflammation, presence of spontaneous pain before the treatment, whether the exposure was mechanical or carious, the size of the exposure, the age of the tooth, coronal restoration sealing and time of coronal restoration ([@ref1]). In the study published by Honegger et al., 1979, 123 teeth which had direct pulp capping for an average period of 4 years were reviewed. They concluded that direct pulp capping had a failure rate of 17%. They also concluded that tooth age did not affect the outcome of the treatment, but rigorous aseptic procedures and sealing of dressing materials are prerequisites for success. They recommended that only accidentally exposed pulps without previous symptoms are liable to successful treatment by direct pulp capping with calcium hydroxide ([@ref19]). In 1981, in another study by Baume and Holz, the authors agreed with the previous study that the failure rate increased if the pulp was diseased prior to treatment and that age has no influence. However, in their study, success rates varied from 80 % to 90 % depending on the skill level of the dentist performing the treatment ([@ref20]).

More recently, Dammaschke et al., agreed with Baume and Holz and Honegger et al., that infected pulps or teeth that show spontaneous pain, demonstrated significantly lower success rates than teeth with no spontaneous pain. They also concluded that gender, jaw, and tooth type had no significant influence on the results; however regarding age, they showed that the highest rates of success were found in the age group 16-26 years old with a survival period of 14.7 years while the success rate was the lowest in the age group \>60 years old with a survival period of 4.6 years ([@ref21]).

There were no significant differences in the success rates between types of restorative material (amalgam, resin composite and gold restorations) however; teeth restored with glass ionomer cements demonstrated significantly lower success rates. Authors also concluded that the likelihood for a tooth to become necrotic was significantly higher the first 5 years after treatment and that if the tooth showed favorable outcomes in the first 5 years, it is very unlikely that it will show unfavorable outcomes in the longer term ([@ref18]).

The overall success rates in cariously exposed pulps were shown to be 87.5%--95.4% which can similarly be compared with that of iatrogenic exposures ranging from 70%--98% ([@ref1]).

A recent randomized controlled trial conducted by Ali et al (2018) over deep caries with reversible pulpitis teeth; comparing the outcomes of self-limiting excavation protocol using chemo mechanical Carisolv gel and dental microscope (self-limiting) versus selective removal to dentine using rotary burs, followed by MTA pulpal protection and Glass Ionomer (GI) final restoration. Results showed that after 12 months the probability of success rates was four times higher in cases of self-limiting technique rather than the conventional technique ([@ref22]). This may indicates that shifting the caries removal from the conventional technique to the self-limiting technique in vital pulp therapy cases could increase success rates.

Few disadvantages and negative drawbacks of VPT were noted with some of the currently used materials. Using Calcium hydroxide were associated with some disadvantages such as inability to kill Enterococcus faecalis in the dentine ([@ref23]), inability to adhere to dentine properly, dissolution over time and inability to provide microleakage seal over time ([@ref24]). With the use of MTA, teeth discolouration were noted either with the use of grey or white MTA due to chemical interaction of bismuth oxide with dentine collagen ([@ref25]). Also, it was noted that, on the long term evaluation of teeth underwent VPT, complete pulp space obliteration can be seen which render the root canal treatment more complex when needed in the future ([@ref26]).

Vital pulp therapy materials {#sec2-2}
----------------------------

Since the 1920´s, a wide range of materials have been suggested in the literature to be used as pulp capping protective dressing materials. Ideally, the pulp capping material should have the following properties ([@ref27]):

Stimulate reparative dentine formationMaintain pulpal vitalityBe Bactericidal or bacteriostaticAdhere to dentine and other restorative materialsResist forces during placement of the final restoration and masticatory forcesRelease fluorideBe SterileBe RadiopaqueProvide bacteria tight seal

Examples of different pulp capping materials introduced in the literature are calcium hydroxide, glass ionomer, resin modified glass ionomer, Mineral Trioxide Aggregate (MTA) Biodentine, Bioceramics, Biological based scaffolds and composite ([@ref28]).

Calcium hydroxide (CH) {#sec2-3}
----------------------

Since its introduction into literature 1920 by Hermann, it was considered as the gold standard material for pulp capping ([@ref17]). It is believed that the initial effect of calcium hydroxide is the development of superficial three layer necrosis resulted from the chemical injury caused by hydroxyl ions ([@ref29]). Schröder also explained that the firm necrosis area is believed to be responsible for the irritation of the pulp and stimulating its defense mechanism and repair. The repair process begins with vascular and inflammatory cell migration and proliferation in order to eliminate the irritating agent this step is later followed by the migration and proliferation of mesenchymal and endothelial pulp cells and the formation of collagen. Subsequently odontoblast differentiation occurs and the formation of tertiary dentine underneath the protective agent takes place ([@ref29]).

CH has potent antibacterial properties, which were believed to be the main reason for using it successfully in pulp capping as it eliminates bacterial penetration and future injury to the pulp tissue ([@ref30]).

Disadvantages of Calcium hydroxide include pulp surface inflammation and necrosis, the presence of tunnel defects in the newly formed tertiary dentine, which fails to provide an adequate seal against recurrent infections, high solubility in oral fluids and lack of adhesion ([@ref31]).

Resin modified glass Ionomer cement (RMGIC) {#sec2-4}
-------------------------------------------

RMGICs are defined as "glass-ionomers that are modified by the inclusion of a resin monomer and set partly via an acid/base reaction and partly through photochemical polymerization" ([@ref32]). The material was introduced in order to overcome the instability in the water balance seen in the previous generation of Glass Ionomers that set through an acid/base reaction only ([@ref33]). RMGICs have been shown to be successful when used as a protective agent for thin sound dentine layers in deep cavities and in cases of indirect pulp capping ([@ref34]). However, RMGICs exhibited poor results when placed in direct contact with pulpal tissue in cases of direct pulp capping ([@ref35]). RMGICs were related to moderate to intense inflammatory responses in the dental pulp including a large necrotic zone and the absence of dentine bridge formation ([@ref36]).

Mineral trioxide aggregate (MTA) {#sec2-5}
--------------------------------

MTA was first introduced into literature in the 1990s as an experimental calcium silicate based material ([@ref37]). MTA is a broadly used material used to seal pulpal cavities and external root surface communications ([@ref38]). MTA is composed of Portland cement, which is mainly composed of tri-calcium and di-calcium silicate, and bismuth oxide as radiopacifier ([@ref39]).

The commercialized forms of MTA introduced into the market were ProRoot^®^ MTA and tooth coloured ProRoot^®^ MTA, (Dentsply Tulsa Dental Specialties, Tulsa, OK, USA), and later, MTA Angelus^®^ and MTA Bianco^®^, (Angelus, Londrina, Brazil).

MTA has been suggested as the material of choice in cases of pulp capping, pulpotomies, perforative root resorption defects, surgical root end filling (retrograde filling), root and pulp chamber perforations and in cases undergoing revascularization treatment ([@ref40]). MTA has been reported to be a biocompatible material, which has inductive and conductive abilities for hard tissue formation ([@ref41]). It is bactericidal, stimulates cementum-like hard tissue formation and bone regeneration ([@ref36]).

Regarding MTA as a pulp capping material, it was concluded by Nair et al., after a randomized control study that MTA was clinically easier to use, resulted in less pulpal inflammation and had more predictable outcomes regarding hard tissue barrier formation when compared to calcium hydroxide ([@ref42]). In a meta-analysis study, investigators reviewed 13 studies that had been conducted since 2003. 5 of the studies, involving 931 teeth, reported success rates between MTA and CH. While the other nine investigated the inflammatory response and dentine bridge formation differences between calcium Hydroxide and MTA. It was concluded from this meta-analysis that MTA had significantly superior success rates to CH. MTA specimens showed less pulpal inflammation in comparison to the CH specimens and that a higher percentage of calcified dentine bridge formation was noticed in the MTA capped groups ([@ref31]).

Clinically, MTA had numerous drawbacks reported. Difficulty in handling together with a long setting time, high cost and potential discolouration to the tooth were reported ([@ref43]).

Biodentine^®^ {#sec2-6}
-------------

Biodentine (BD; Septodont, Saint- Maur-des-Fosses, France) is a newly developed material by Septodont. It is a calcium silicate-based Portland cement. It is a bioactive, biocompatible material and suitable for use in direct posterior restorations, furcal perforations, retrograde filling and pulp capping ([@ref44]). Biodentine has positive effect on vital pulp cells and stimulates tertiary dentine formation and it has been shown that it is well tolerated by the pulp tissue when it is in direct contact (in cases of direct pulp capping) forming reparative dentine ([@ref45], [@ref46]).

Biodentine was shown to be faster in comparison to other materials such as MTA ([@ref47]). The authors also concluded that the newly developed calcium silicate material presented enhanced mechanical properties and was able to form a good marginal seal. In a study conducted by Nowicka et al., comparing different pulpal response toward different pulp capping materials (MTA and Biodentine), they noted that placement of MTA was more time consuming and technically more difficult in comparison to Biodentine ([@ref44]). They also concluded that Biodentine showed, similar efficacy in clinical setting, making it a viable substitute to MTA. A recent study evaluated the efficacy of Biodentine in a series of 15 case with follow up of 12 to 24 months, and authors concluded that all 15 cases were asymptomatic during follow up period therefore suggesting the use of Biodentine as vital pulp therapy material ([@ref48]).

The material is prepared using an amalgamator for 30 seconds and later carried by an amalgam carrier or root canal Messing gun and applied to the cavity (Biodentine product information leaflet 2009).

In a recent prospective randomized clinical trial, assessing the difference outcome of MTA compared to Biodentine used in vital pulp therapy cases, no statistical difference between both materials were noted. Average success rate of both materials was 93.3% at 6 months follow up, 96.2% at 1 year, 100% at two years and lastly 93.8% at the 3 years follow up. Those results favours the use of both triclinium silicate material in direct and indirect pulp capping ([@ref49]).

BioCeramics {#sec2-7}
-----------

Recently, Bioceramics were introduced to the market as IRoot BP Plus (Innovative Bioceramix, Vancouver, Canada) also labelled as EndoSequence Root Repair Material Putty (ERRM) (Brasseler, Savannah, GA, USA) and as TotalFill RRM Putty (FKG, La-Chaux-de-Fonds, Switzerland). IRoot BP is a newly developed calcium silicate--based bioactive ceramic with main composition being Tri-calcium silicate, bi-calcium silicate and calcium phosphate ([@ref50]). Endosequence root repair material showed antibacterial properties similar to MTA when compared with CH against the main cariogenic bacteria Salivary Streptococci Mutans (SM) and Lactobacilli ([@ref51]).

iRoot BP Plus was shown to have good biocompatibility with pulp tissue and induced the formation of a reparative dentine bridge; hence, it can be used as a pulp capping material in vital pulp therapy cases ([@ref52]). iRoot BP Plus used with human dental pulp cells in-vitro, was shown to induce mineralization and induce odontoblastic differentiation associated with gene expression ([@ref53]). The effect of ERRM on differentiation of dental pulp cells (DPC) was compared with ProRoot ^®^ MTA. The percentage of viable DPCs, proliferation rates and secretion of Vascular Endothelial Growth Factor (VEGF) were shown to be similar when grown on both materials ([@ref54]). The authors concluded that ERRM could be considered as a suitable alternative to other pulp capping materials.

Biomaterials based scaffolds {#sec2-8}
----------------------------

Scaffolds play a very important role in tissue engineering. Choosing an appropriate scaffold is considered a crucial step ([@ref55]). Scaffolds introduced for pulp tissue regeneration varies from natural scaffolds such as Collagen, Glycoaminoglycan, Chitosan, Alginate and Agarose; to synthetic scaffold such as Hydroxyapatite/ tri-calcium phosphate, Polyacetic acid, Polycaprolactone and Self-assembling peptide hydrogels ([@ref56]).

Polysaccharides {#sec2-9}
---------------

Alginate {#sec2-10}
--------

Alginate is described as being an anionic linear polysaccharide. It is comprised of repeating (1,4)-linked b-D-mannuronic sequences (M-blocks) and a-L-guluronic acid sequences (G-blocks) inter- spersed with MG sequences (MG-blocks) ([@ref57]). Alginate was used in regenerative dentistry. The study showed that HDPCs in alginate scaffolds actively differentiated into odontoblast-like cells and induced calcification that mimicked dentine which support the usage of alginate as a scaffold ([@ref58]). Alginate advantages consist of biocompatibility and non-immunogenicity; however, it also has some drawbacks including poor cell adhesion, low mechanical strength, and low degradability ([@ref59]).

Chitosan {#sec2-11}
--------

Chitosan is a deacetylated derivative of chitin and is composed of glucosamine and N-acetyl glucosamine ([@ref57]). The chitin Is naturally present in the exoskeleton of the marine crustaceans such as shrimps and crabs, as well as insects and the cell walls of fungi ([@ref60]). As a scaffold in dental pulp regeneration, 3D chitosan scaffold was seen to be supporting the differentiation of DPSCs due to suitability for nerve cell attachment ([@ref61]). Contradicting those results, kim et al., compared chitosan with different other natural scaffolds and concluded that collagen and gelatin supported the HDPCs growth better ([@ref62]). Due to its poor solubility, caused by its presence of amino groups and its high crystallinity, chitosan modifications needs to be done in order to increase its potential use in regenerative dentistry ([@ref63]).

Extracellular matrix {#sec2-12}
--------------------

Hyaluronic acid {#sec2-13}
---------------

Hyaluronic acid is a Linear polysaccharide abundant in cartilage ECM and consists of two alternating units, b-1,4-D-glucuronic acid and b-1,3-N acetyl-D-glucosamine ([@ref64]). Because of the height molecular weight of the hyaluronic acid, when dissolved in water, its viscoelasticity increases making it easier to be used as an injectable scaffold ([@ref65]). Depending on the molecular weight of the acid, the later can act as inhibitor of the proliferation, migration and angiogenesis of the endothelial cells in cases of high molecular weight. While in cases of low molecular weight, hyaluronic acid promotes the proliferation and cell attachment of the endothelial cell ([@ref66]). Favourable properties are linked to the hyaluronic acid scaffolds such as bioactivity, biocompatibility, biodegradability and acting as a growth factors reservoir; however, its disadvantages include structural complexity, low mechanical strength and possible immunogenicity ([@ref67]).

Collagen {#sec2-14}
--------

Collagen is considered one of the most abundant components in extracellular matrices. It has been used in tissue engineering, drug delivery and reconstructive surgeries in dentistry and orthopedics ([@ref56]). Most abundant types of collagen used in tissue engineering, is the collagen type I and allogenic collagen such as the bovine collagen which is proven to have excellent biocompatibility and bioactivity ([@ref68]). Collagen intrinsic mechanical properties were proven sufficient for its usage in dental regeneration and its properties can be enhanced when used in hybrid form scaffolds ([@ref63]). Further to this, in another study by Alsanea et al. 2011, differentiation of DPSc within collagen scaffolds into highly vascularized and organized matrix of odontoblastic like cells ([@ref69]).

Proteins and peptides {#sec2-15}
---------------------

Fibrin {#sec2-16}
------

Platelet-rich fibrin (PRF) which is considered as a second generation platelet concentrate, is a type of natural biological fiber scaffold ([@ref61]). PRF is known to be rich in platelets, leukocytes and various growth factors that play an important and essential role in promoting cell proliferation and differentiation ([@ref70]). PRF also contains osteogenic cytokines and fiber holders. The osteogenic cytokines and fiber holders act as three dimensional centrifugal mesh and form a near --natural polymer that captures the migrating cells and induce the release of platelet derived growth factors ([@ref71]).

In the study conducted by Huang et al. 2010, authors tested the ability of the PRF to stimulate the proliferation and differentiation of deciduous and permanent dental pulp cells (DPCs). Authors concluded that PRF can be used successfully as natural scaffold for DPCs successfully inducing their proliferation and differentiation ([@ref72]).

Sharma and Mittal ([@ref73]); compared different types of natural and artificial scaffolds in regenerative endodontics, specifically in inducing apexogenesis in necrotic immature permanent teeth. Within the four different scaffolds used, blood clot, PRF, collagen and PLGA; PRF exhibited the best results for all tested parameters. Authors interpreted this success to the strong and flexible properties the PRF have and to the richness with growth factors required for cellular proliferation, differentiation and angiogenesis.

Also when the regenerative properties of the PRF were tested when used as pulp capping material in canines, authors concluded that using the PRF as pulp capping material supplies growth factors and potential network showing promising results for regeneration of the pulp ([@ref74]).

Self assembling peptide nanofibers {#sec2-17}
----------------------------------

Peptides are known to be short amino acids sequences of protein that have potential biological activities ([@ref56]). As peptides can be manufactured as solid peptides synthesis, it add great benefits to the scaffold as of the customization of the biological, physical and chemical properties ([@ref75]). Self-assembling peptide are modified peptides molecules that are self-assembled into fibrillary structures that its use have been suggested in the field of regenerative endodontics ([@ref56]).

Self-assembling peptides matrix were shown to offer great advantages such as, structurally, a true mimic of the extracellular matrix due to their nanoscale dimensions ([@ref66]).

In a study conducted Yoshima et al. ([@ref76]), studying the quality of Puramatirx (self-assembling peptide nanomaterial) combined with dog mesenchymal stem cells (dMSCs) and/or platelet-rich plasma (PRP) in the regenerative healing of bone defects. All Puramatrix groups showed significant better results than the control groups.

Assessing the compatibility of the dental pulp stem cells (DPSCs) growth and differentiation with the Puramatrix, Cavalcanti et al. ([@ref77]), who concluded that healthy DPSc survived and proliferated for at least three weeks in culture which supported the recommendation of using self-assembling peptides hydrogel as injectable scaffolds.

Composite Scaffolds {#sec2-18}
-------------------

Growth factors (GF) are groups of proteins, which bind into cell receptors and induce cellular proliferation and differentiation ([@ref6]). GF can also be described as extracellular signals, governing the morphogenesis and organogenesis during the epithelial and mesenchymal interactions ([@ref78]).

Growth factors are considered one of the main three corner stones of tissue engineering and any regenerative procedure ([@ref79]). GF are also considered key factors for tissue wound healing by regulating the immune function, proliferation and differentiation of cells ([@ref80]).

Several growth factors have been demonstrated as potential therapeutic agents for hard tissue regeneration ([@ref81]). There are different types, origins and functions that differentiate growth factors. Some are used to increase stem cell numbers such as the platelet derived growth factors (PDGF), fibroblasts growth factors (FGF), colony stimulating factors (CSF) and epidermal growth factors (EGF) ([@ref78], [@ref82]).

Others used to modulate and control the humoral and the cellular immune responses such as Interluken 12 and Insulin-like Growth Factor 1 (IGF1) especially in activation and survival of antigen specific T cells ([@ref83]). While others are crucial regulators of vasculogenisis, angiogenesis and lymph-angiogenesis such as vascular endothelial growth factors (VEGF) ([@ref84]).

Mixing Growth factors with pulp capping materials {#sec2-19}
-------------------------------------------------

The use of a scaffold releasing growth factor as a pulp capping material has been reported for dentine/pulp repair ([@ref85]). It was shown to have superior results enhancing reparative dentinogenesis ([@ref86]). In addition, Dobie et al., ([@ref87]) concluded from that TGF-β1 when incorporated in alginate hydrogel scaffold induced odontoblast-like cellular differentiation and up-regulated their matrix secretion in the human dentine pulp complex ([@ref87]). In addition the formation of a reparative dentine bridge in rat molars when Fibroblast Growth Factor-2 (FGF-2) was incorporated in gelatin hydrogel and placed over exposed pulp was noted.

Mixing GF with tri-calcium phosphate materials was shown to enhance bone regeneration when placed in a bony defect after periapical surgery ([@ref88]). The authors also noted that the GF added to the tri-calcium phosphate, helped regenerating vital tissues with necrotic pulp and periapical lesions, which indicates great advantages of adding GF to biomaterials.

When the effect of MTA alone and MTA mixed with fibroblast growth factors-2 (FGF-2) was compared in vitro, on human dental pulp cells behaviour, it was concluded that MTA and FGF-2 group significantly enhanced human dental pulp cells proliferation and osteogenic differentiation ([@ref89]). In addition, the combination of both MTA and GH promoted cell adhesion, growth, differentiation and angiogenesis via the activation of bone morphogenic proteins and Mitogen-Activated Protein Kinase (MAPK) pathway ([@ref90]).

CONCLUSIONS {#sec1-2}
===========

Due to the emerging need for regenerative dentistry, concentration on the development of the ideal scaffold is needed. Different materials have been introduced in literature in order to seal and induce tertiary dentine regeneration. Newer introduced materials aim at sealing the exposure site while induce odontogenesis therefore increasing the vital pulp therapy success rates. Newer materials ranges from different synthetic materials such as bioceramics to the new biological proposed scaffolds. However, the most important governing factor in the success rate of VPT is the correct diagnosis of reversibility of pulpal inflammation and the extent of pulp infection. Also implementing new techniques in caries excavation for VPT cases could improve success rates of such cases. More research and studies are set to be exploring all-natural options for biological scaffolds and promising results are emerging. Also, more research areas should be explored in easier more confirmed ways of diagnosis of pulpal condition.
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